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of these might be classed as polar outbursts, while the 
remainder were mostly cold fronts which had traversed 
the Pacific. I n  spite of the rather marked outflow of 
polar air, the individual cold-air masses did not, cause 
any unusual depressions of temperature. 
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F R E E -  A I R S U M A1 A R Y  
By L. T. YAMUELS 

Temperatmure depart'ures for the month were ne,gativc 
a t  all st,ations and levels, the gre,atest departures occiir- 
ring a t  Ellendale, the northermost station. (See Table 
1.) The small average lapse rate for the month ut, t,liis 
station is a characterist,ic feature of these higher latitudes 
during the c.old season. I t  will be seen that the mean 
t,emperature was practically no lower at  2,000 meters 
t,han at  the surface. This sinall lapse rat'e, he,comes 
even more pronounced and in fact. changes t,o negabive 
to an increasing altitude as t,he winter advances. 

Close agreement is found in the monthly mean tem- 
peratures for Broken Arrow, Ellenclale, and Groe,shec.li 
and the resultant winds a t  t,liese respective st,atioiis. 
It will be see.n in Table 2 that there occurred at, the above- 
mentioned stations either a greater nort'lierly or smaller 
southerly component than normally. Rather marked 
esceptions in t,his respect occur, however, at, Royal 
Center and Due West where despite a deficiency in t,hc 
~nont~hly mean t'einperatures the resultant winds cont'ain 
ti great.er south coinponeut than nornially. This 
aiioinaly was probably caused by t,he t,cmperatures a t  
the latte,r two stat,ions being suffic.ient.ly low, on niost 
of the days when the winds were northerly, to offset thr 
relatively high temperatures occurring wit,h southerly 
winds, even t,liough t,he latt,er direct,ion predominated 
in the resultant's. 

Relative humidit,y and vapor pressure dq~ari,urcs 
indicated not,hing uiiiisual, the former being niost,ly 
positive and t'he latter negative. 

Escep tionally strong minds prevailed a t  various elevti- 
t,ions above the surfs.c.c a t  a nuinher of stations on tlic 
25th, 26th, and 27th. During t .hk period the ccnt'er 01' 
an c,stensive. low pressure area moved rapidly from C.010- 
riido to Quebec On the morning of the first day Okla- 
homa City being ideally situat.ed with respect, to the 
LOW'S center the pilot balloon observation showcd t,he 
characteristic wind strwture occ.urring in the southeast 
quadrant of a pronounced cyclone, viz, a rapid n.ncl 
marked increase in wind velncit,y off the surface t,o GOO 
ineters (7 to 24 m. p. s.) followed by pract,ically 110 
change to 3,000 meters. The, obserrntion ended a fe,w 
Iirmdmd meters higher and indicated a decrease in 
velocity in this uppe.r st'ratiini. The. dircc.tion was south 
:it the surface and veered to sout'hwest a t  600 niet,ers 
where i t  remained to the highest altit,utle reached. 

The far-reaching influence. of this st,oriii may he realized 
from the fact that, on the 37t)li with its c,ent,er over 
Que,bec the wind a t  5,000 meters above Atlanta, Ga.,  
was 42 meters per second from the west-northwest. and 
substantially the same at  Due West, S .  C., about 100 
miles to the east. While such tremendous velocities pre- 
rsile,d a t  these elevations t,he winds in t,he lowcr layers 
were only light to moderate. 

An unusually marked rise in temperatmure at, an eleva- 
tion of 2,500 meters, while during the same interval a 
much smaller increase occurred a t  the surface, is shown by 
the Broken Arrow kite records for November 21 arid 22. 

(See Table 1.) 

of the Xlst this station was in the southeast quadrant of 
a strong anticyclone whose major axis lay in a northwest- 
southeast direction snd low temperatures and northerly 
winds prevailed. During the following 24 hours an 
unusually large and rapid movement of the upper 
(northern) portion of this HIGH t,ook place, while the lower 
(southern) port,ion remained practically stationary, so 
t,hat the iiittjor a.sis took an east-northeast west-south- 
west dire,ction with Broken Arrow in the southwest 
quadrant. W a r m  southerly winds now raised the tem- 
perature in the upper strata to the extent shown above, 
while the efTects of nocturnal radiation prevented such 
:i large increase in the lower air until a considerably later 
hour in the day. It is of interest to note that excep- 
tionally strong westerly winds prevailed from 1 to 3 
kilometers over the northern Plains States, upper Missis- 
sippi and Ohio River Valle.ys coincidently with the rapid 
inoveinent, east,ward of the northern portion of this 
snticyclone. 
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It will be seen from the above table t,hat a t  t,hc 2,500 
meters level the temperature was 8.8" C. higher on the 
23cl than 011 t81ie 21st,. The increase in surface temperrt- 
ture during this time was only 4.5' C. On the morning I N ; , ~ - ~ % I  air stiltion. 
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TABLE 2.-Free-air resultant winds (m. p .  8 . )  during November, 19S6 
I I I 

Broken Arron Okla (233 
meteis) 

Mean %year mean Mean &year mean Mean A-year mean Mean 9-gear mean hfean %year mean Mean 
~- 

Ellendale. X. Dnk. (444 I , 
meters) ~ 

Due West. 8. C. (217 
meters) 

Oroesbeck. Ter. (141 
meters) 

T H E  WEATHER ELEMENTS 

By P. C. DAY, In Charge of Division 

PRESSURE AND WINDS 

The first week was moderately free from important 
cyclonic or rtnti.cyclonic movements in any part of the 
country, and this condition continued in the more west- 
ern districts until the close of the first decade. 

By the morning of the 8th, however, a cyclone of 
slight intensity, that had moved from the far Northwest, 
reached central Oklahoma and had developed into a well- 
defined storm. This moved to the Great Lakes and 
lower St. Lawrence Valley during the following 48 hours, 
attended by widespread precipitation from the Missis- 
sippi Valley eastward, with heavy rains in the Gulf States, 
Ohio Valley, and North Atlantic States and more or less 
snow or sleet in the lake region and to eastward. 

In connection with this cyclone numerous thunder- 
storms occurred on the afternoon of the 9th over the 
southeastern and eastern States, and a small, but severe, 
tornado occurred a t  La Plata, Md., causing the death of 
17 persons, mostly children, when a schoolhouse was 
blown to pieces, injuring a number of others, and de- 
stroying a number of houses and other property. (See 
p. 462, this REVIEW.) 

A t  the beginning of the second decade low pressure 
developed over the North Pacific coast attended by pre- 
cipitation, which gradually extended over all pwts of 
the coast, and became heavy in northern California and 
over the coast districts of Oregon and Washington. 

With a short return to anticyclonic c.onditions over this 
area about the middle of the month, rainy conditions 
again overspread the far Northwest and continued with- 
out material breaks till the end of the month, the pre- 
c.ipitation area extending frequently to all arts of the 

tions and some heavy snows in the mountains. 
In  the districts froni the Rocky Mountains eastward, 

an important cyclone moved from the middle Plains to 
the upper Lakes on the 13t'h to 15th, and with secondary 
formations the precipitation area was extended to nearly 
all eastern districts during the following tw-o days. 
Heavy rains occurred in connection with this c.yc.lone 
over the upper Mississippi Valley, portions of the Gulf 
States, Ohio Valley, and to the northeastward. 

Immediately following the storm referred to above, an- 
other, having its origin in the far Northwest, crossed 
the Rocky Mountains about the 16th and moved south- 
eastward to central Texas, and thence to central Arkansas 

coast States, with local heavy rains a t  t,he P ower elevn- 

during the following 24 hours, but without material pre- 
cipitation. From Arkansas the storm moved northward 
to the Great Lakes during the following 48 hours, and, 
as in that just preceding, a secondary LOW developing to 
the eastward caused precipitation, mostly light, over 
practically all central and eastern districts, light snows 
occurring over the more northern sections. 

The latter half of the month was mainly free from 
cyclonic disturbances from the Rocky Mountains east- 
ward until the 25th, when a cyclone of wide extent, an 
offshoot from the general low-pressure area in the extreme 
Northwest,, was central over eastern Colorado, and 
moved rapidly to the Great Lakes and lower St. Lawrence 
Valley during the 26th and 27th. This storm was at- 
tended by thunderstorms over wide areas on these dates, 
and several distinct tornadoes occurred during the late 
evening of Thanksgiving day in the lower Mississippi 
Valley, notably in Arkansas, Louisiana, Mississippi, and 
Missouri, when a c.onsiderable number of lives were lost 
and much damage to property occurred. A more com- 
plete history of these tornadoes appears on p. 466 in this 
issue. Moderate prec,ipitation from this storm occurred 
from the Mississippi River eastward, some sleet and 
glaze in the upper Lake region and more or less snow in 
all northern districts from the Dakotas eastward. 

The last day of the month brought considerable pre- 
cipitation over the Atlantic coast and middle Gulf States 
and about the same time over the Pacific c.oast from 
north-central California to Washington heavy precipi- 
tation occurred. A fall of over 5 inche,s a t  Eureka, Calif., 
on the 29th and 30th established a new record of heavy 
rainfall for November a t  that place. 

Anticyc1one.s were mainly of only moderat'e intensity, 
though that moving southward from Manitoba about 
the 9th and drifting slowly southeastward during the fol- 
lowing few days, caused sharp falls in temperature as it 
advanced e.astward and dominated the weather over 
the eastern half of the country for several days. 

A moderate anticyclone, moving along the northern 
border from the 26th to 28th) was attended by sharp 
falls in temperature as it advanced eastward and by the 
coldest weather of the month over the northern districts 
from Minnesota to New England. 

The average pressure reduced to sea level was highe,st 
over the Sout,heastern States, where it was slightly above 
normal, and lowest in the far Northwest where it was 
materially lower than normal. In general, pressure was 
above normal over the Stlantic and Gulf States, in the 
far Southwest, and over the upper Missouri Valley and 
adjacent Provinces of Canrtda, and below in other areas. 


